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PPeu= 0.43 * Chl.U * EO (Falkowski 1981)

PPeu= Chl,U * Pb~.x/ K (Balch & Byrne 1994; Smith&
= Chl,u * PbOP~* Z,u Baker 1978; Eppley et al. 1985;

Banse & Yong 1990)

PPeu= Chl~u* PbOp~* Z~u* Di~~ (Wright 1957)

PPeu= Chl,u * PbOP~* Z,u * f(EJ (Ryther & Yentsch 1957; Tailing
1957; Lewis et al. 1987)

PPeu= Chl~U* PbOp~* Z~u* Di~~* f(EO)

(Behrenfeld & Falkowski 1996; abridged model)

/

Za

PPeu= Pbopt* PEde Czhi (Ryther & Yentsch, 1957)
Z=o

\

z=

PP,Us PbOp~* Di~~* PEd * Czdi

Z=o

(Behrenfeld & Falkowski 1996: full model)

J sunrise J z=O

(Bannister 1974: using Vollenweider (1965)& Fee (1969))

(Platt and Sathyendranath 1988; Morel and Berthon 1989; Morel
1991; PIatt et al. 1991; Longhurst et al. 1995; Antoine et al. 1996)



3000

2000

1000

0

8000

6000

4000

2000

0

10000

1000

100

1
.

Ba4ch& Byrne 1994 .

.
I

I
..... .... ..!

. ..”
. . . ““%. ‘

.. .

..

.
. . .

.
. . .. . . . .

.“ ; ....+ ,
. .

~

o 2000 4000 6000 8000

~ Behrenfeld & Falkowski 1996:
.

. .. .
.

...-.
..

.

..
“.”*

. .“’

“.....”.
.8 , .:” t%.

. .. . . . . . . .: .
:

.“

\
. ? = 0.86

1 1 I 1 I

o 2000 4000 6000 8000

. ... .
f.”. ‘

“-*: .. . “

~+,r.’-~”““
\ :..: .:&&: ●

T......-#j%.?:“: .“
. “if “c“““.:~ m .

“ . . .. .. .. .
“.~s+......... . . . . .

.$ ? = 0.87. ..I 11II II 1 1 I 1 1 1 I 1 i i 1 f I I r

100 1000 10000

Measured PP,U (mg C m-2 d-’)



..-—

A
,

L
o

n
g

h
u

rst
et

al.
@

—

d

o(ALI/l

1



E. Sakshaug and ii. Andresen

r n I 1 I I

2!

2(

1

1

//’ /’

o

“/, ”,” ,’
1’ ‘,.?=

.,, ,
/’, / .’ I I 1 1 1 1 I ,.

5 10 20 so IIx2 200 Soo 10CQ mlo

I [pE m-2 $“1)

E. Sakshaug and K. Andresen

:
z

10

8

1 I 1 I I I I 1 1

\

●

0s6
6 -

< 0.10

4 -
\

~

5 10 20 S) lal 200 &x) lm m



[N03)

KS

Umax.N03

5

x“

1

0 0.1

‘-X;’’-”
@p&y, 19?2

U24=150

0?4 (molar)=6.625

0.1+

B

/
Nitrate-DependentGrowth

O 5 10 15 20 25 30 -5 0

Temperature (%)

Irxo
.— — .— —. —— —-

Falkowki. 1961
?

c

I 1 I

5 10 1!5 20 25

Temperature (%)

-5 0 5 10 15 20 25 20

Tempwalure @)

Rgwc 6. (a) Predicted n.itrate-ternpmature relationship between 2(PN aIXI29.99?4 descni by Zentara
and Kamybwski (1977]. Right axis shows predicted Michaelis-Menten coefficients predicted 6om (4) and
(5) (see also Fiire 2). (b) Eppley [1972] relationship for maximum possible carbon assimilation as ●

function of temjwature. The curve is based on (1) and (2) and assumes a carbon: chlorophyll ratio of 150
and a C/N ratio (molar) of 6.625. Also shown is the predicted nitratedependent growth based on
Michaelis-Menten coe5cients given in Figure 6a. This growth is given as carbon equivalents, The absolute
maximum theoretical -n assimilation that couId be sustained under 24 hours of daylight is shown for
referemx (576 g C g CM’1 d-1). Obviously, a more reasonable tkxetieal maximum value for this latitude
W be about balf this value (300g Cg ChJ- 1 d ‘l). (c) Maximum balanced C/N growth based on
temperature and nitrate that can be sustained given the two curves in FW 6b. Note the highly nordinar
nature of the function.
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EPPLEY: PliYTOPLANK~N AND TO~ERAWRE
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FIGURE I.—Variation in the specific growth rate (P) of photoautotrophic unicellular algae
with temperature. Data are all for laboratory cultures. Growth rate is expressed in dou-

blings/day. Approximately 80 of the points are from the compilation of Hoogenhout and

.4mesz (1965). That listing is restricted to maximum growth rates observed, largely in con-

tinuous light. The figure also includes additional data, mostly for cultures of marine phy -

toplankton, from the following sources: Lanskaya ( 1961), Eppley ( 1963), Castenholz ( 1964,

1969), Eppley and Sloan (1966), Swift and Taylor (1966), Thomas (1966), Paasche (1967,
1968), Hulburt and Guillard (1968), Jargensen (1968), Smayda (1969), Bunt and Lee (1970),

Guillard and Myklestad (1970), Ignatiades and Smayda “(1970), Polikarpov and Tokareva
(1970). The latter papers include about 50 strains of marine phytoplankton. The line is
the growth rate predicted by Equation (1), i.e., the line of maximum expected A Small

numbers by points indicate the number of values which fell on the point.



Modelling PbOpt

1) Pb~p~= 3.7 (Ryther & Yentsch 1957)

2) Pbopt = f( $ max ~ IK ) (Bannister 1974)

@~~x = 0.06

3)
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Balch et al. 1992
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